


Assumptions of Hardy-Weinberg model
1. Random mating.

2. No mutation.

3. Large (infinite) population size.

4. No differential survival or reproduction 
(i.e., no natural selection).

5. No immigration



45 females & 20 males; N = 65 



Genetic Drift

N = 2



Work with a student beside to you.  One person will be a 
selfing "plant",  and the other will be a "recorder".  The 
plant is initially heterozygous (HT) at  the coin-flipping 
locus which has two alleles: H & T.  The plant-person 
will flip a coin twice to determine the genotype of the 
next generation.  The experiment ends when the plant is 
homozygous: HH or TT.

Record the following information:

GENERATION GENOTYPE

0 HT
1
2
3
4



Gen HH HT TT H obs H* exp
0 1.00 1.00
1 0.50
2 0.25
3 0.12
4 0.06
5 0.03
6 0.02

8 ~0
7 0.01

Total --- ---



20151050

1.0

0.8

0.6

0.4

0.2

0.0

Generations

Al
le

le
 fr

eq
ue

nc
y

N=10
N=50

N=200



Genetic drift has two primary effects on the 
genetic composition of populations:

(1) Change in allele frequencies.

(2) Loss of genetic variation.



(1) Change in allele frequencies.

95% interval

p = 0.6; N = 10

p´ = 0.6 ± 2 (0.11) = 0.6 ± 0.22

0.28 – 0.82 

95% of the time







(2) Loss of genetic variation.

N = 10
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According to 

only 50% of the heterozygosity will be lost during 
a “bottleneck” of just two individuals.  

Do you think that just two individuals will contain 
50% of the genetic variation in a population or 
species?

Why not?



Measures of genetic variation:

(1) Heterozygosity

(2) Allelic diversity

Two individuals can carry a maximum of 
four alleles.  







hets + homos = total

HE 0.452     0.528



Population Bottlenecks

Source

Bottleneck

Established



Bottlenecks & Loss of Allelic Diversity

The probability of an allele being lost during a 
bottleneck of size N is 

In general, if a population is reduced to N
individuals for one generation then the expected 
total number of alleles (n’) remaining is
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A bottleneck will cause loss of rare alleles.



Brown bears
(8 microsatellite 
loci)

Allelic diversity is generally lost more 
quickly than heterozygosity.



Effects of genetic drift
(1) Changes in allele frequency

Increase in frequency of harmful alleles.

(2) Loss of allelic diversity

For example, MHC & disease resistance

(3) Inbreeding and loss of heterozygosity

Inbreeding effect of small populations



(1) Changes in allele frequency
Increase in frequency of harmful alleles





(2) Loss of allelic diversity
For example, MHC & disease resistance

Allelic diversity is much more sensitive 
to bottlenecks than heterozygosity.  

Blackbirds: 
37 alleles!

Major Histocompatibility Complex (MHC)



Bottleneck N=2

Heterozygosity

h = 1 – (1/2N) = 75% retained

At most 4 of 37 alleles retained:

A = 1 – (33/37) = 11% retained



Science 258:1739-1740.

1992.



Human MHC alleles (A & B loci).

Human Group Sample No. alleles

Africans 1,432                  40

Europeans               1,069                  37

South Amerinds 1,944                  10

North Amerinds 1,163                  17

Polynesians           12,243                  14



(3) The inbreeding effect of small populations

Inbreeding will occur in small populations and cause 
a loss of heterozygosity (h).  

F is the inbreeding coefficient and represents the 
loss in heterozygosity (h) due to mating between 
relatives (i.e., F = 1 - h).  The increase in 
homozygosity (and an equal loss of heterozygosity) 
due to genetic drift will occur at the following rate 
per generation:        ∆F = 1/(2N)

∆h = -1/(2N)



Effects of inbreeding and small population size 



(Inbreeding coefficient)

Relationship between inbreeding (F) and 
infant survival in captive callimico monkeys. 



Inbreeding depression in zoo animals
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Mean reduction in relative juvenile survival to six 
months of age in 40 captive mammal populations 
(Ralls et al. 1988). 



Large 
reduction in 
survival of 
progeny from 
selfing
compared to 
outcrossing.

Inbreeding depression due to self 
fertilization in monkey flowers



Test for inbreeding depression in hatchery rainbow trout.

mother

Inbred 
progeny

Non-inbred 
progeny

mother’s
brother unrelated 

male



Inbred 

Non-inbred



Inbred 
Non-inbred



Mean
-43%



(15) rook
(14) Canada goose
(13) myna

(12) greenfinch





EFFECTIVE POPULATION SIZE (Ne) is the 
size of the ideal population (N) that will result in 
the same amount of genetic drift as in the actual 
population being considered. 

∆h=-1/2N



PNAS 99:11742-11746  (2002)

Orange roughy Census Pop Size (NC)
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3
Ne = 180 (80 – 720, 95% CI)



∆h=-1/2N

Why?



Assumptions of Ideal Population

(1) Equal numbers of males and females.

(2) All individuals have an equal probability of 
contributing an offspring to the next generation.

(3) Constant population size.

(4) Non-overlapping (discrete) generations.



-1/2N=1/(2 x 100)

-1/2N=1/(2 x 34)

Harris, R. B., & F. W. Allendorf. 1989. 
Genetically effective population size of large 
mammals an assessment of estimators. 
Conservation Biology 3:181-191.

http://mountain-prairie.fws.gov/endspp/grizzly/pic22264.jpg


Unequal Sex Ratio



Non-Random Number of Progeny

(variance in reproductive success, Vk)

Question: What proportion of individuals do not 
leave any progeny in an ideal population?



14% leave no 
progeny

Random reproductive success



Random

1975 cohort

Galapagos finches
Ecology 73:766-784 (1992)



Fluctuating Population Size



Reduction in Ne

(1) Unequal numbers of males and females.

(2) Non-random reproductive success.***

(3) Fluctuating population size.***

(4) Non-overlapping (discrete) generations.

*** most important



What is Ne/N in natural populations?

Frankham, R. 1995. Effective population size/adult population 
size ratios in wildlife a review. Genet. Res. Camb. 66:95-107.



A PREVIEW: How large is large enough?  A PREVIEW: How large is large enough?  

As a general rule, an Ne of 50 is necessary in the 
short-term to prevent immediate harmful effects 
of inbreeding, and an Ne of about 500 is necessary 
to retain enough genetic variation in order to 
maintain long-term evolutionary potential.  

50/500 Rule

(Somewhat controversial)


